Introduction {#S0001}
============

Ultrasonography has become one of the basic diagnostic tools for vascular diseases of the central nervous system (CNS). Due to the widespread availability of ultrasound, it seems necessary to define standards for equipment requirements, the scope of ultrasound and the experience of the person performing the procedure. The paper further describes different types of neurosonological tests, such as cerebral circulatory arrest or diagnostics of right-to-left shunts. Our goal is to standardize the testing protocol in all neurosonology laboratories. We hope that the developed standards will prove useful in everyday patient management as well as will become the basis for discussion and comments to be taken into account in subsequent versions. The proposed diagnostic criteria should be standardized in all neurosonology laboratories due to differences between ultrasonographic devices, particularly in relation to velocity calibration.

Duplex Doppler ultrasound of the carotid and extracranial vertebral arteries {#S0002}
============================================================================

Equipment requirements {#S20003}
----------------------

The study is performed using an ultrasound device equipped with a linear probe with a frequency of 7.5--13 MHz.

Patient preparation {#S20004}
-------------------

The test is performed in a patient lying in supine position.

Technique {#S20005}
---------

The assessment involves the internal and external common carotid arteries in the B-mode presentation, in the cross-sectional and longitudinal plane (longitudinal sections in two or more planes). The measurement of the intima-media complex is performed on the wall of the common carotid artery proximal to the bulb, at a minimum distance of 5 mm from the termination of the common carotid artery; furthermore, measurement within the bifurcation in the atherosclerotic plaque-free segment is recommended. Routinely, one or two bilateral measurements are performed; for scientific purposes, the measurements are most often performed on a segment of 10 mm, using the semi-automatic method. If atherosclerotic plaques are present, their location, structure (homogenous or heterogenous), echogenicity (hyper-, iso- and hypoechoic) and surface (smooth or irregular) are assessed. If plaque surface is visible, its maximum thickness in the cross-section and its length in the longitudinal section should be measured. If plaque structure and surface are not visible due to significant calcification, the term "calcified plaque" is used^([@CIT0001])^.

Vertebral arteries are assessed in the longitudinal section starting from the site of branching (V0 -- if visible) up to the loop in all presentations. Bilateral measurement of vertebral artery diameter, preferably on a straight segment between the transverse processes of cervical vertebrae (V2 segment) is obligatory^([@CIT0001],\ [@CIT0002])^.

This is followed by extracranial artery assessment using color coded mode and spectral Doppler. The measurement of velocity should be performed in straight arterial segments, if possible, preferably at some distance from bifurcations. In the case of arterial elongations, bends and loops, the measurement of velocity should be preferably performed proximally and distally to these variants of vascular forms^([@CIT0001],\ [@CIT0002])^.

Documentation {#S20006}
-------------

The results of each test should be documented. The records should be stored in the ultrasound lab, on a data storage device; additionally, images may be taken and appended to the results. In B-mode presentation, the image of the thickness of carotid artery intima-media complex as well as each atherosclerotic plaque in the longitudinal and crosssectional planes are recorded. Additionally, each atherosclerotic plaque should be recorded with color-coded or power Doppler mode. The image of each evaluated vessel (CCA, ICA, ECA, VA) should be recorded using color-coded and spectral Doppler. All recorded abnormalities should be documented^([@CIT0003])^.

Results {#S20007}
-------

The result should include the name of the device and the frequency of the probe used for testing. The description should include intima-media thickness; location and description of all atherosclerotic plaques, including thickness, length, structure (homogeneous, heterogeneous), echogenicity and surface area. It should be determined whether the recorded flow velocities and spectra in the evaluated vessels are within normal range (in this case a term "age appropriate or normal" should be used). In the event of increased CCA or ICA velocity, the hemodynamic degree of stenosis (expressed as a percentage) should be estimated as well as PSD, EDV, and the ratio of the maximum systolic ICA/CCA velocities should be presented. Description of vertebral arteries should include: diameter measurement, flow direction and spectrum characteristics. If subclavian steal syndrome is found, its grade should be determined. Attention should be paid to limitations in the testing, such as acoustic shadow caused by calcification. In the case of diagnostic uncertainties, additional testing should be recommended^([@CIT0003])^.

Comments {#S20008}
--------

A number of ultrasound criteria for internal carotid artery stenosis have been published. We suggest the use of standardized criteria in all ultrasound laboratories, e.g. Widder and Görtler\'s criteria (2004) as the most practical^([@CIT0001])^.

  ---------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Stenosis \<50%   PSV \<120 cm/s; EDV \<40 cm/s; ICA/CCA[\*](#TF0001){ref-type="table-fn"} \<1,5; ICA/ICA[\*\*](#TF0002){ref-type="table-fn"} \<2
  Stenosis 60%     PSV \>120 cm/s; EDV \<100 cm/s; ICA/CCA \>1.5; ICA/CCA \>2
  Stenosis 70%     PSV \>200 cm/s; EDV \<130 cm/s; ICA/CCA \>2; ICA/ICA \>3 slight turbulences possible recruitment of collateral flow via ACoA and/or PCoA
  Stenosis 80%     PSV \>300 cm/s; EDV \>130 cm/s; ICA/CCA \>4; ICA/ICA \>5 distinct turbulences possible recruitment of collateral flow via ACoA and/or PCoA possible recruitment of collateral flow via OA
  Stenosis 90%     PSV \>300 cm/s; EDV \>130 cm/s; ICA/CCA \>4; ICA/ICA \>10 distinct turbulences recruitment of collateral flow via ACoA and/or PCoA, and/or OA
  Stenosis \>95%   decreased velocity, minimum poststenotic flow, recruitment of collateral flow via ACoA and/or PCoA and/or OA
  ---------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ICA/CCA -- intrastenotic peak systolic velocity in the internal carotid artery/ common carotid artery peak systolic velocity

ICA/ICA -- intrastenotic mean velocity / mean poststenotic velocity

If the above criteria are not applied, other criteria used to assess the degree of stenosis should be provided.

The following guidelines may be used for the assessment of ICA in-stent restenosis^([@CIT0004])^:

For 50--69% restenosis:systolic velocity -- PSV ≥225 cm/s (or ≥240 cm/s in other tests);the ratio of the systolic velocity in the internal carotid artery to the common artery (PSV ICA/PSV CCA) ≥2.5.

For restenosis of more than 70%^([@CIT0004])^:systolic velocity -- PSV ≥350 cm/s;PSV ICA/PSV CCA ratio ≥4.75.

Vertebral arteries:Normal systolic and diastolic velocities in the V2 segment of the vertebral artery are 30--65 cm/s and 9--25 cm/s, respectively. The systolic velocity in the V1 segment is normally 10--20% higher than in the V2 segment^([@CIT0001],\ [@CIT0002])^.Hypoplasia of the vertebral artery is considered if its diameter is ≤2 mm^([@CIT0002])^.

Transcranial color-coded duplex ultrasonography (TCCD) {#S0009}
======================================================

Equipment requirements {#S20010}
----------------------

The study is performed using a sector probe (2--3.5 MHz). The ALARA (as low as reasonably achievable) principle, i.e. the lowest intensity of ultrasounds for optimal image of structures and flow in possibly the shortest time, is used.

Patient preparation {#S20011}
-------------------

The test is performed in a patient lying in supine position.

Technique {#S20012}
---------

The study is routinely performed through temporal and suboccipital windows. Temporal window testing shows the plane of brainstem section. Color-coding and spectral Doppler allow for an assessment of the medial, anterior and posterior cerebral arteries as well as the top of the basilar artery. Vertebral arteries and the initial section of the basilar artery are assessed through the suboccipital window. It is not possible to perform TCCD through the temporal window in approximately 20--30% of patients due to its opacity (changes in bone structure causing complete ultrasound dispersion). In these circumstances, the study through the temporal window should be discontinued and followed by the suboccipital window^([@CIT0001],\ [@CIT0002])^.

Documentation {#S20013}
-------------

Color coded and spectral Doppler recording of the image of the flow in the middle, anterior and posterior cerebral arteries as well as vertebral arteries and the basilar artery is performed. The documentation further involves the posterior communicating arteries if their image is achievable, and each abnormality is recorded^([@CIT0003])^.

Results {#S20014}
-------

Test results should contain the name of the device and the frequency of the probe. Visualized arteries should be specified and their flow parameters should be provided. If no significant abnormalities are found, the term "age appropriate flow parameters" is used. In the case of collateral circulation route inclusion, it should be clarified which collateral channels are active as well as blood flow direction in the communicating arteries should be recorded. Test results should include a description of all abnormalities detected during evaluation, e.g. the presence of stenosis (the degree of stenosis \<50% or ≥50% should be reported), mean flow velocity (or systolic and/ or diastolic velocity) as well as factors hindering the procedure, e.g. poor translucency or opacity of the bone window^([@CIT0003])^.

Comments {#S20015}
--------

As opposed to extracranial arteries, the criteria for intracranial arterial stenosis include the diagnosis of \<50% or ≥50% narrowing due to the impossible precise measurement of stenosis during angiography as a reference test.

We propose the use of general criteria for the stenosis (\<50% and ≥50%) of the medial cerebral artery and other arteries of the base of the brain. Criteria for the diagnosis of ≥50% stenosis in the middle cerebral artery segment M1^([@CIT0001],\ [@CIT0002],\ [@CIT0005])^:visible, local arterial aliasing, local increase in flow velocity, turbulences with spectral broadening in the stenotic site shown by spectral analysis;decreased maximum and average velocity in the part distal to stenosis and two of the following criteria:mean flow velocity of \>100--120 cm/s\* in the site of stenosis;or segmental increase in the average velocity \>80 cm/s relative to the neighboring vascular segments;the ratio of average velocity at stenosis to average velocity downstream of stenosis of ≥2;the ratio of the mean MCA/ICA velocity (Lindegaard ratio -- the ratio of mean velocity in the middle cerebral artery to the mean velocity in the extracranial part of ICA) ≥2;or maximum velocity of ≥160 cm/s in the stenotic site.

\* The criterion for the average velocity of 100 cm/s shows higher sensitivity, but lower specificity; it mainly relates to individuals over 55 years old; the criterion of average velocity of 120 cm/s is less sensitive, but more specific.

Criteria for the diagnosis of ≥50% stenosis in the anterior cerebral artery segment A1^([@CIT0001],\ [@CIT0002],\ [@CIT0005])^:visible, local arterial aliasing, local increase in flow velocity, turbulences with spectral broadening in the stenotic site and at least one of the following criteria:mean flow velocity of 120 cm/s in the site of the visible stenosis;segmental increase in the mean velocity \>80 cm/s relative to the neighboring vascular segments.

\* **These criteria should not be applied in the case of the inclusion of collateral flow associated with stenosis of the ipsilateral internal carotid artery.**

Criteria for the diagnosis of ≥50% stenosis in the posterior cerebral artery and the intracranial segment of the vertebral artery (all criteria are required)^([@CIT0001],\ [@CIT0002],\ [@CIT0005])^:visible, local arterial aliasing, local increase in flow velocity, turbulences with spectral broadening in the stenotic site;segmental increase in the mean velocity ≥50 cm/s relative to the neighboring vascular segments.

Criteria for the diagnosis of ≥50% stenosis in the basilar artery (all criteria are required)^([@CIT0001],\ [@CIT0002],\ [@CIT0005])^:visible, local arterial aliasing, local increase in flow velocity, turbulences with spectral broadening in the stenotic site;segmental increase in the mean velocity ≥60 cm/s relative to the neighboring vascular segments.

TCD of the extracranial segments of the cerebral arteries {#S0016}
=========================================================

Equipment requirements {#S20017}
----------------------

The study is performed using "blind" Doppler ultrasound device equipped with 8 and 4 MHz probe with continuous wave (CW) or pulse wave (PW) Doppler.

Patient preparation {#S20018}
-------------------

The test is performed in a patient lying in supine position.

Technique {#S20019}
---------

The study involves bilateral evaluation of the supratrochlear arteries, including the assessment of blood flow direction and compression test of the superficial temporal artery and facial artery. This is followed by the evaluation of flow in the common carotid arteries along the upper edge of the sternocleidomastoid muscle, starting from the thyroid gland, moving the probe towards bifurcation, continuing along the internal carotid artery from its branching from the common carotid artery to the region of mandibular angle and the initial segment of the external carotid artery. The study should also include the initial segments of the subclavian arteries in the supraclavicular region as well as the initial segments of the vertebral arteries^([@CIT0005]--[@CIT0007])^.

Documentation {#S20020}
-------------

The documentation should contain the recorded spectra from the supratrochlear arteries, internal and external common carotid arteries, as well as subclavian arteries and the initial segments of vertebral arteries^([@CIT0003])^.

Results {#S20021}
-------

Test results should contain the name of the device and the frequency of the probe, the names of the evaluated arteries (or a statement "according to standard protocol"), an assessment of spectrum and the velocity of flow in the individual vessels. If no abnormalities are found, the term "age appropriate hemodynamic flow parameters" may be used. In the case of identified abnormalities, further tests, such as Duplex Doppler ultrasound of carotid and vertebral arteries, should be recommended^([@CIT0003])^.

Comments {#S20022}
--------

The criteria for the diagnosis of extracranial internal carotid artery stenosis are similar to Duplex criteria. Their lower sensitivity and specificity due to the lack of appropriate correction of the angle of insonation should be taken into account.

TCD of the intracranial cerebral arteries {#S0023}
=========================================

Equipment requirements {#S20024}
----------------------

The study is performed using "blind" Doppler ultrasound device equipped with 2 MHz probe with PW Doppler. The ALARA principle is used^([@CIT0005]--[@CIT0007])^.

Patient preparation {#S20025}
-------------------

The test is performed in a patient lying in supine position.

Technique {#S20026}
---------

The TCD is performed through temporal and suboccipital windows. In exceptional circumstances (opacity of the temporal bone window), transorbital window is used, bearing in mind that the power of ultrasound beam is reduced below 20%. The vessels that can be examined using temporal window include bifurcation of the internal carotid artery (60--65 mm) and the middle cerebral artery (M1 at a depth of 45--65 mm, M2 at a depth of 30--45 mm), anterior cerebral artery segment A1 (at a depth of 65--72 mm), posterior cerebral artery segment P1 and P2 (at a depth of 60--75 mm) as well as the top of the basilar artery. TCD through the suboccipital window is used to assess vertebral arteries (at a depth of 40--70 mm) and the basilar artery (at a depth of 90--104 mm or more). The depth of insonation of 70 - 90 mm is considered uncertainty zone as it is not possible to reliably determine the site where vertebral arteries join to form the basilar artery based on the spectra alone with no visualization of the vessels. TCD through the transorbital window is used to assess the direction of flow in the ophthalmic artery (depth 40--50 mm) and flow velocity in the siphon the internal carotid artery (depth 55--70 mm)^([@CIT0005]--[@CIT0007])^.

Documentation {#S20027}
-------------

The documentation should contain recorded spectra from the middle, anterior and posterior cerebral arteries, as well as vertebral arteries and the basilar artery. If transorbital window is used, spectra from the ophthalmic artery and the supraclinoid internal carotid artery should be recorded^([@CIT0003])^.

Results {#S20028}
-------

Test results should contain the name of the device, the frequency of the probe, the list of the evaluated arteries (or a statement "according to standard protocol"). This should be followed by obtained velocity values and the assessment of arterial spectrum. If no abnormalities are found, the term "age appropriate flow parameters" may be used. In the case of detected collateral circulation routes through posterior or anterior communicating artery, blood flow direction should be reported. If local increase in velocity, indicating stenosis of the basal cerebral arteries, is detected, estimation of the stenotic degree is required^([@CIT0003])^.

Comments {#S20029}
--------

We recommend the use of general criteria for the stenosis of the middle cerebral artery stenosis and other basal cerebral arteries provided that the extracranial arterial segments remain free of stenosis.

Criteria for the diagnosis of ≥50% stenosis in the middle cerebral artery segment M1^([@CIT0001],\ [@CIT0005])^:local, segmental increase in flow velocity, turbulences with spectral broadening in the stenotic site, reduced maximum and medium velocity in the distal portion of the artery relative to stenosismean flow velocity \>120 cm/s in the suspected stenotic siteor a segmental increase in mean velocity \>80 cm/s relative to the neighboring arterial segments;the ratio of the mean stenotic velocity to the mean velocity downstream of stenosis ≥2;the Lindegaard ratio ≥2or the maximum velocity ≥160 cm/s in the suspected stenotic site.

Criteria for the diagnosis of ≥50% stenosis in the anterior cerebral artery segment A1^([@CIT0001],\ [@CIT0005])^:local increase in flow velocity, turbulences with spectral broadening in the stenotic site, and at least one of the following criteria:mean flow velocity \>120 cm/s in the suspected stenotic site;segmental increase in the mean velocity \>80 cm/s relative to the neighboring arterial segments.

\* These criteria should not be applied in the case of the inclusion of collateral flow associated with stenosis of the ipsilateral internal carotid artery.

Criteria for the diagnosis of ≥50% stenosis in the posterior cerebral artery and the extracranial vertebral artery (all criteria are required) ^([@CIT0001],\ [@CIT0005])^:local increase in flow velocity, turbulences with spectral broadening in the stenotic site;segmental increase in mean velocity \>50 cm/s relative to the neighboring arterial segments.

Criteria for the diagnosis of ≥50% stenosis in the basilar artery (all criteria are required) (^([@CIT0001],\ [@CIT0005])^:local increase in flow velocity, turbulences with spectral broadening in the stenotic site;segmental increase in mean velocity \>60 cm/s relative to the neighboring arterial segments.
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